The Intentional amendment of soil with biochar is offering a new strategy for enhancing soil physical properties and soil fertility. Nonetheless, the characteristics of biochars vary with their different conditions and pyrolysis techniques. The objective of the present study was to improve the understanding of how adding biochar applications and the pyrolysis of native feedstock to acidic soil can be utilized to amend soil physical properties and soil fertility in Malaysia. Three kinds of primary biochar were used, empty fruit bunch (EFB) and wood biochar (WB) were produced from slow pyrolysis, and rice husk biochar (RHB) was prepared by gasification. The biochars were characterized by Brunauer-Emmett-Teller surface area analysis and scanning electron microscopy and applied at 15 and 30 t/ha to acidic soil. Results indicated that the total surface area of the RHB was approximately double of that of EFB and five times greater than that of WB. The application of RHB at 30 t/ha significantly increased the drained upper limit, permanent wilting point, hydraulic conductivity, and total porosity; however, this increase did not result in increased sweet corn growth, while EFB applied at rates 30 t/ ha resulted in a highly positive effect on sweet corn growth, suggesting that EFB has important potential benefits for agriculture, in conclusion, the selection of biochar as a soil amendment must be based on the intention of the amendment. If to enhance soil physical charactertics are an aim, then RHB is the most suitable option. If the objective of soil biochar amendment is to increase soil fertility, then EFB will be suitable choice.
Introduction
The highly porous biochar is believed to improve the physical properties of soil, such as bulk density, total porosity, pore-size distribution, soil moisture content, water holding capacity, and hydraulic conductivity (Ahmad et al., 2014; Belyaeva & Haynes, 2012; Brewer et al., 2012; Chan et al., 2007 Chan et al., , 2010 Ventura et al., 2012) .
Positive and negative agronomic effects were noticed after biochar amendment (Guerena et al., 2013; Major et al., 2010; Gaskin et al., 2010) . Therefore, the application of biochar to soil does not follow a "one-size-fits-all" paradigm. Half of the reviewed studies in literature have reported an increase in plant growth and crop yields after biochar application because biochar improves soil fertility, reduces the bioaccumulation of toxic metals, and mitigates climate change (Jaiswal et al., 2014; Masto et al., 2013; Tian et al., 2012) . However, 30% of the studies found no significant benefits (Devereux et al., 2012) , and the remainder suggested negative effects (Gajic & Koch, 2012; Kloss et al., 2014) . The unfavorably high pH of biochar, when added to high soil pH in some instances, was recognized as the reason for the reduced plant growth (Van Zwieten et al., 2010; Haefele et al., 2011) . The reasons for the reduced growth of cultivated plants in other cases are considerably less clear and can involve the direct phyto-toxicity of volatile fractions or the negative impacts of metals (Devonald, 1982) . N immobilization after biochar addition appears to reduce N availability (Bruun et al., 2011) , which could lead to decreased growth. A careful consideration of the characteristics related to each specific biochar is necessary. Furthermore, the effects of these characteristics could be insufficient for treating a particular soil type (Novak & Busscher, 2013) . The present study aimed to physically characterize biochar from three different feedstocks pyrolyzed under slow pyrolysis and gasification. The effects of biochar amendment on soil properties and plant growth were also analyzed.
Materials and Methods

Biochar Samples
Three types of biochar were made from three types of regionally available feedstock in Malaysia by using two pyrolysis and one gasification methods. An empty fruit bunch (EFB) biochar sample was obtained from Nasmech Technologies Sdn Bhd (Malaysia). The wood biochar (WB) sample was produced by kilning mangrove wood logs, and the rice husk biochar (RHB) was supplied by Bernas Berhad (Malaysia). 
BET Surface Area and Scanning Electron Microscopy
The BET surface area was measured by using a Thermo-Finnigan Sorptomatic Instrument (model 1990) on the basis of N 2 adsorption at −196 °C. The biochar microstructures were investigated by using a JEOL JSM-6400 SEM. The samples were sliced into thin sections for an effective view of the cross-section. Images were obtained at 750× magnification.
Biochar Effects on Soil Physical Properties
The experimental plots at Farm No. 2 of the University of Putra Malaysia (2°59′20.56″N, 101°42′ 44.42″E) were used for six months starting from April 2012. The biochar was incorporated to a compacted and low organic carbon loamy soil. A randomized block design was employed with the plots in quadruplicate and each measuring 1 m × 1 m, which involved a total of 28 plots (7 treatments with 4 replicates per treatment). The biochar application rates were 0, 15, and 30 t/ha −1 . Biochar was uniformly applied to each plot by using rakes and was buried to a depth of 10 cm by using a disk harrow. The control plots (0 t/ha −1 ) were also disked.
Determination of Soil Physical Properties
A field study had been carried out to evaluate the effect of the biochar incorporation on soil physical properties (hydraulic conductivity, bulk density and porosity, drained upper limit, and permanent wilting point) .Saturated hydraulic conductivity was analyzed by using a constant head method. The core sampling technique (5.1 cm height, 5 cm inner diameter) was used to measure bulk density. Total porosity was calculated from the dry bulk density and particle density.
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The drained upper limit and permanent wilting point (PWP) were determined by using the pressure-membrane pressure-plate method at 33 and 1500 kpa, respectively.
Biochar Effects on Plant Growth
Loamy soil from Farm No. 2 of the University of Putra Malaysia was used as the potting medium. The characteristics of the soil are presented in Table 2 . The soil was air-dried then 10 kg of it sieve to remove un-decomposed plant materials and use to fill thepots (height, 35 cm; diameter, 20 cm). The respective EFB, RHB, and WB treatments were applied at 0, 15, or 30 t/ha, which equivalent to 0, 52, 105 g/pot respectively. For each treatment, 10 sweet corn seeds were originally sown per pot at 0.5 cm depth. The resulting seedlings were later thinned down to 5 plants per pot. Chemical fertilizers were applied at 50% of the recommended amount, that is, 120 kg/ha for N, 60 kg/ha for P 2 O 5 , and 95 kg/ha for K 2 O, i.e. using urea for N, triple phosphate for P, and muriate of potash for K. The experiment was conducted in the shade house of the University of Putra Malaysia. A completely random design was used for the experiment with four replications. The plant height and shoot weights were recorded on five plants in each replication, plant height was measured using a steel ruler, fresh samples were put into the oven at 65 C for 48 h to get constant weight, and the dry weights of shoot were recorded. For period of 30 days during April 2013. 
Statistical Analysis
One-way analysis of variance (ANOVA) was used to assess the biochar treatment effects on soil physical properties by using SPSS. The significant difference between the biochar treatments means were calculated via a Tukey post hoc test.
Result and Discussion
Physical Characteristics of Biochar
The Scanning electron microscopy images of WB (750×) clearly showed Smooth surface followed by EFB which image showed less rough then RHB which showed rough surface ( Figure 1 ). These findings are consistent with those from the N 2 surface area measurement, which suggested that micropores dominated the RHB surface. Figure 1 . SEM images of RHB, WB, and EFB at 750× magnification ), which were made via slow pyrolysis at 300-350 °C and 80-220 °C, respectively. Gasification creates more new pores in the material. The rapid de-volatilization creates highly porous materials, thereby increasing the BET surface area. The increase in surface area at higher temperatures can be attributed to the release of tars from the cross-linked framework (Angin et al., 2013) . Consequently, the total pore volume was improved. The results suggested that the high temperature of gasification widened the daughter micropores by destroying the walls between adjacent pores. Thus, the Vol. 7, No. 1; 2015 development of pores was observed through the increased total pore volume (Table 3) . A similar trend was also previously reported by Carrier et al. (2012) , Ghani et al. (2013) , and Mendez et al. (2013) . The higher average diameter of the pores in the RHB indicated the greater proportion of wide pores.
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Effects of Biochar on Soil Physical Properties
Soil Bulk Density
After approximately 200 day of incubation, a significant difference in the mean bulk density was observed in soils treated with biochar compared with the control(F (6,18) = 38.611, r 2 = 0.893, P < 0.001) while Tukey HSD Post Poc test indicated that no significant difference had been shown between all of the EFB15, EFB30, RHB15, WB15, and WB30. The RHB30 treatment had the lowest mean bulk density, which was significantly decreased by 1.41-1.22 cm/h when the average biochar concentration was 0−30 t/h. The average diameter of the pores and micropore area in RHB were higher than those of EFB and WB (Table 3 ). This implies that a greater proportion of wide pores may have changed the soil structure by decreasing the soil bulk density. Previous studies have similarly reported that biochar amendment could decrease the soil bulk density (Laird et al., 2010; Devereux et al., 2012) . Biochar application was previously reported to reduce the soil bulk density because of their extremely high porosity which leads to increasing the pore volume (Atkinson et al., 2010; Mukherjee & Zimmerman, 2013) . The various biochar characteristics significantly affected the properties of amended soil. The reduced soil bulk density after the addition of biochar shows that biochar has a lower bulk density than the non-amended soil (Atkinson et al., 2010) . The reduced bulk density of agricultural soils is useful for crop production because it correlates to increased pore space (Schjønning et al., 2011) .
Hydraulic Conductivity
Results showed significant differences in the hydraulic conductivity of soil when biochar treatment was applied compared with the non-amended soil (control) (F (6,18) = 382.291, r 2 = 0.988, P < 0.001). Rice Husk Biochar, applied to the soil at rate 30 t/ha (RHB30) had the highest hydraulic conductivity, the average hydraulic conductivity increased from 0.99 cm/h in the control to 2.41 cm/h in RHB. Wood Biochar, applied to the soil at rate 15 t/ha (WB15) produced the lowest value among the treatments (1.69 cm/h). No significant differences were observed between WB15 and WB30 ( Figure 2A ). Biochar application significantly decreased the soil bulk density because biochar has a smaller bulk density than soil (Verheijen et al., 2010) , thereby leading to significantly higher hydraulic conductivity values (Ouyang et al., 2013) . Treatments represented by the same letter are significantly the same according to Tukey's HSD post-hoc test. CON: Control.
Soil Porosity
A significant difference in mean soil porosity was observed between soils treated with biochar and the non-amended soil. These results are the opposite of those of the average bulk density ( Figure 2B ), which showed an inverse relationship between these parameters. Maximum porosity was recorded in the RHB30 treatment with www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 1; 2015 196 increased average soil porosity ranging from 46.79 cm/h for WB15 to 53.68 cm/h in RHB30 (F (6,18) = 38.673, r 2 = 0.893, P < 0.001). By contrast, no significant differences were observed when the other treatments were applied at an increasing rate (Figure 3) . Figure 3 . Effects of biochar treatment using different rates of EFB, WB, RHB, and the control (CON) for six months on soil porosity
The high surface area of RHB can improve the total micropore area and pore volume, thus consequently improving the total soil porosity. Asai et al. (2009) suggested that the use of biochar in rice-growing soils improved the pore-size distribution, thus consequently increasing soil porosity.
Drained Upper Limit and Permanent Wilting Point
The mean of the drained upper limit of the soil treated with different types of biochar significantly increased from 0.12% to 0.23% as compared with that of the control (F (6,18) = 62.123; r 2 = 0.931). The RHB30 treatment recorded the highest mean of the drained upper limit (0.23%) and the WB15 treatment, the lowest average drained upper limit of 0.14%. No significant differences were observed between the control, EFB15, WB15, and WB30 treatments ( Figure 4A ). The various biochar characteristics significantly influenced the soil properties after biochar amendment. The drained upper limit of available water was increased after RHB amendment. No significant difference was observed between EFB and WB treatments. The effects of RHB treatment could be attributed to its high specific surface area (Shepherd et al., 2002) . Thus, the potential for soil aeration was enhanced and the water content of the soil increased; these results were good indicators of soil quality. Vol. 7, No. 1; 2015 197 The application of biochar influenced the amount of water retained in the soil at the PWP. Results indicated an increased water content at PWP over the control (F (6, 18) = 25.061, r 2 = 0.843, P < 0.001) ( Figure 4B ). The maximum PWP was recorded at 0.21% for the RHB30 treatment, whereas the WB15 treatment had the lowest PWP at 0.14%. No significant difference were observed when all other treatments were applied at an increasing rate The PWP of the amended soil with RHB30 was higher than those amended with EFB and WB. This difference may be associated with the increased microporosity and extensive pore structures of RHB, which were achieved by gasification at higher temperature (Shackley et al., 2012) . Both properties of RHB (micropore area and pore width) were confirmed by BET analysis. In this study, the physical characteristics of biochar decreased the soil initial bulk density, thus leading to increase the soil water content. The improvement of biochar application on the drained upper limit and PWP were related to the high porosity of RHB compared with that of EFB and WB.
Biochar Effects on Plant Growth
Results showed a significant difference in the shoot dry weight of sweet corn grown on soils treated with the three types of biochar, compared with the non-amended soil (F (6,21) = 247.48, P ≥ 0.05). No statistically significant difference was found between the RHB15 and WB15 treatments, while EFB15 showed significant difference. The treatments could be ranked on the basis of the growth of the planted sweet corn: RHB30 < RHB15 < WB15 < EFB15 < WB30 < EFB30. The EFB30 treatment had the maximum average growth (220 g per pot; Figure 5 ). Several factors led to improved growth of sweet corn, and they may have acted individually or simultaneously. The increase in pH and decreased the Al and Fe contents of the soil are considered important factors for plant growth improvement (Masulili et al., 2010) . By contrast, RHB30 showed the least average growth (75 g per pot) compared with plants from the control. The unconverted cellulosic and hemicellulosic fractions in RHB are noticeably proportional with the short-term biochar degradation in soil. Given that these labile carbohydrates are quickly mineralized, a high C/N ratio might cause the microbial immobilization of soil N. The abovementioned results were in agreement with those of Bruun et al. (2011) from their work on the nfluence of fast pyrolysis temperature on biochar labile fraction and short-term carbon loss in a loamy soil.
Conclusions
Applying biochar substances by using local materials is assessing promises of being an environmentally sound in enhancing the physical characteristics of soil and crop productivity in Malaysia. Biochar incorporation into soil has impact on soil water content and hydraulic conductivity, leads to improve soil structure, and improved moisture characteristics, that related to the extensive pore structures, surface characteristics, and high porosity of RHB as compared to EFB and WB, whilst EFB applied at rates 30 t/ ha has important potential benefits for sweet corn growth.
